In the previous COREA-TAXUS trial, a 6-month adjunctive use of celecoxib reduced target-lesion revascularization (TLR) without increased thrombotic risk. We aimed to confirm the effects of 3-month celecoxib in patients receiving drug-eluting stent (DES) implantation in the larger prospective, randomized trial.
Introduction
Drug-eluting stents (DES) reduce the incidence of angiographic in-stent restenosis and repeat revascularization. 1, 2 However, the majority of complications in percutaneous coronary intervention (PCI) with DES is still in-stent restenosis. 3, 4 Celecoxib is a selective inhibitor of cyclo-oxygenase 2 (COX-2) that is commonly used as an anti-inflammatory agent. However, it also exerts antiproliferative effects and induces apoptosis in cancer cells. 5, 6 We have shown that celecoxib is a potential inhibitor of neointimal † These authors contributed equally to this work.
formation by blocking injury-induced Akt activation. 7 Our previous COREA-TAXUS trial 8 (the Effect Of Celecoxib on REstenosis after coronary Angioplasty with TAXUS stent) showed that the adjunctive use of celecoxib for 6 months after TAXUS-EXPRESS TM stent implantation in patients with coronary artery disease significantly decreased in-stent luminal late loss (LL). The rate of adverse cardiac events within the first 6 months after stent implantation was lower in the celecoxib group than in the control group. Furthermore, we recently confirmed in the COREA-TAXUS longterm follow-up study 9 that celecoxib treatment for 6 months provided better clinical outcomes for 2 years than the control group. At 2 years, the rate of adverse cardiac events was consistently lower in the celecoxib group (6.9%) than in the control group (19.7%).
In the DES system, most of the drugs, such as paclitaxel or zotarolimus, elute in the first 4 weeks to inhibit the early proliferation of smooth muscle cells after stent implantation. Celecoxib may inhibit the proliferation of not only vascular smooth muscle cells but also endothelial cells 10 and endothelial progenitor cells. 11 Therefore, the use of celecoxib in the later healing phase in DES implantation might delay the healing of the endothelial layer after coronary intervention and interrupt the balance between prostaglandin and thromboxane, which can increase the thrombotic risk. We hypothesize that shortened celecoxib treatment from 6 to 3 months might be sufficient to reduce neointimal growth and might reduce the potential thrombotic risk of celecoxib.
To confirm this hypothesis, we evaluated the efficacy and safety of 3-month duration of adjunctive celecoxib treatment in reducing neointimal hyperplasia in patients with coronary implantation of the Taxus 8 and ENDEAVOR II trials, an expected 25% reduction in LL with celecoxib, with a two-sided a-level of 0.05. Presuming an angiographic follow-up rate of 80%, we planned to enrol 900 patients: 540 patients in the PES group and 360 in the ZES group. All primary and secondary endpoints were analysed on the modified intention-to-treat basis; patients who completed allocated DES implantation were included for analysis. We compared continuous variables using the Student's t-test, and analysed categorical variables using the x 2 test. The Mann -Whitney U-test was used to compare non-normally distributed data, such as highly sensitive C-reactive protein concentrations. Serial changes of continuous variables at 6-month follow-up were compared by use of a paired t-test. Event-free survival was analysed from the time of stent implantation to the first event according to the KaplanMeier method and the difference was evaluated by the log-rank test as pre-specified in the protocol. SPSS version 18.0 was used for all statistical analyses and P , 0.05 (two-sided) was considered statistically significant.
Results
Study profiles Figure 1 shows the trial profile. Among the initially randomized patients, six patients failed to implant DES for the target lesion, six patients withdrew consent, and one patient lost to follow-up. Therefore, the modified intention-to-treat analysis population consisted of 896 patients: 442 assigned to celecoxib and 454 to control. The overall angiographic follow-up rate in our study was 88% and it was higher than the presumed rate, 80%.
Patients' characteristics Table 1 shows the baseline clinical, angiographic, and procedural characteristics of the 903 patients who entered the study. Baseline characteristics were not different between the celecoxib and control groups except the stent profile. The patients in the celecoxib group received longer stent (P ¼ 0.02). At discharge, statin was used by 452 (96%) patients in the control group and 430 (97%) in the celecoxib. And cilostazol in addition to dual anti-platelets with aspirin and clopidogrel was used by 185 (41%) patients in the control group and 171 (39%) in the celecoxib group.
Blood pressure and blood tests
Blood pressure and results of blood tests were similar in the celecoxib and control groups at baseline and at 1 month except the lipid profile ( Table 2 ). The mean levels of total and LDL cholesterol were higher in the control group at baseline and 1-month follow-up. However, the change of total and LDL cholesterol for 1 month did not differ between the celecoxib and control groups (total cholesterol, 40. 
Angiographic analysis
Baseline QCA measurements did not differ between the two groups ( Table 3 ). In the whole study population, the mean in-stent LL was smaller in the celecoxib group (0.55 + 0.47 mm) than in the control group (0.64 + 0.54 mm) (0.09 mm absolute reduction, 14% relative reduction, P ¼ 0.02). In-segment LL and restenosis rate did not differ between two groups. Celecoxib, a double-edged sword
The mean in-stent LL was analysed also in the subgroup treated with different stents, the PES group and the ZES group. Celecoxib showed a consistent tendency to reduce LL in both DES, which did not reach statistical significance (see Supplementary material online, Figure S1 ). For the PES group, in-stent LL was 0.49 + 0.45 mm in the celecoxib group and 0.56 + 0.50 mm in the control group (absolute reduction 0.07 mm; 13% relative reduction, P ¼ 0.12). For the ZES group, in-stent LL was 0.65 + 0.50 mm in the celecoxib group and 0.76 + 0.58 mm in the control group (absolute reduction 0.11 mm; 14% relative reduction, P ¼ 0.07).
Clinical outcomes analysis
The cumulative Kaplan-Meier estimates of the rates of cardiac events (log-rank P ¼ 0.84) and TLR (log rank P ¼ 0.45: mean follow-up 6.8 + 1.6 months) did not differ in two groups (Figure 2A and B, and Table 4 ). There was a trend towards the reduced clinically driven TLR in celecoxib group (5.7 vs. 3.2%, log-rank P ¼ 0.09: figures not shown). The revascularization rates of patients who failed to obtain a 6-month follow-up angiogram were similar between the control and the celecoxib group; two events in the control group (3 and 4 months after intervention, respectively) and one event in the celecoxib group (4 months after intervention).
However, cumulative incidence of hard endpoints including nonfatal myocardial infarction and cardiac death was higher in the celecoxib group than in the control group (1.6 vs. 0.2%, log-rank P ¼ 0.03). In the celecoxib group, there were four cases of myocardial infarction due to stent thrombosis (one fatal and three non-fatal) and two sudden cardiac deaths. In the control group, there was just one non-fatal myocardial infarction due to stent thrombosis. Most of hard endpoints occurred during initial 3 months after intervention.
Subgroup analysis did not show heterogeneity of celecoxib treatment effects on adverse cardiac event (Figure 3) . the designated 3 months. Adverse reactions that caused discontinuation of celecoxib were resolved after stopping celecoxib without sequel. There were no other serious side effects in patients who continued to take celecoxib. Of the patients who discontinued celecoxib by their preference, 15 did so within 1 month. Of 28 patients who stopped taking the drug before the designated 3 months, only two events occurred, all at several months after discontinuation of celecoxib. One patient (3.6%) died 2 months after the discontinuation of celecoxib and the other (3.6%) received TLR 5 months after the discontinuation of celecoxib. These two patients discontinued celecoxib within a month after PCI due to skin rash.
Discontinuation of celecoxib

Discussion
We have shown that the adjunctive use of celecoxib for 3 months reduces LL of DES in the whole study population. Such an effect of celecoxib to reduce LL was consistently observed in two different DES, PES and ZES, although it did not reach a statistical significance. Adjunctive celecoxib therapy in patients with DES implantation reduced the mean LL by 14% at 6-month follow-up. However, there was no difference in the occurrence of major adverse cardiac events between the two groups, because there was a small but significant increase in the rate of thrombotic events, such as cardiac death and myocardial infarction, in the celecoxib group. Comparisons between mini-COREA and COREA-TAXUS trials
In the previous COREA-TAXUS trial, celecoxib treatment significantly reduced both LL and adverse cardiac events, whereas it reduced LL only in the mini-COREA trial. The mean LL of the celecoxib group in the mini-COREA trial (whole patients: 0.55 + 0.47 and PES group: 0.49 + 0.45 mm) was similar to that in the COREA-TAXUS trial (0.49 + 0.47 mm), but the mean late luminal loss of the control group in the mini-COREA trial (whole patients: 0.64 + 0.54 and PES group: 0.56 + 0.50 mm) is lower than that in the COREA-TAXUS trial (0.75 + 0.60 mm). Consequently, the extent of reduction in in-stent LL by celecoxib was milder in the mini-COREA than in the COREA-TAXUS trial (14 vs. 34%). There were several differences between mini-COREA and COREA-TAXUS trials: first, the treatment protocol of celecoxib was changed. A loading dose of celecoxib was not given before coronary intervention in the celecoxib group and the duration of celecoxib treatment was shortened from 6 to 3 months. Elimination of the loading dose and the reduced duration of treatment may reduce the efficacy of celecoxib. Secondly, the effect of adjunctive celecoxib treatment was evaluated in the patient treated with the new version of DES, Taxus-liberté TM or Endeavor TM . Using different DES can be one of reasonable explanation of different outcomes between mini-COREA and previous COREA-TAXUS trial. Regarding PES, Taxus-liberté TM stent used in the current study showed better angiographic results than TAXUS-EXPRESS TM stent used in the previous study. 16 Improved LL in the control group might attenuate the anti-restenotic effects of celecoxib. Additionally, the celecoxib group received slightly but significantly longer and more stents than the control group in the mini-COREA trial. And the benefit of celecoxib was attenuated in-segment LL rather than in-stent LL. This may attenuate the preventive effects of celecoxib on TLR. Thirdly, cilostazol was more frequently used in the mini-COREA trial. Cilostazol has mild but significant anti-restenotic effects. 17, 18 Triple anti-platelets including cilostazol were given to 40% of the patients. These might reduce neointimal growth in the current study population and attenuate effects of celecoxib. Fourthly, in the current study, lipid management is stricter as reflected by the higher prescription rate of statin and the lower achieved level of LDL cholesterol, than in the COREA-TAXUS trial. This might reduce LL in the control group and attenuate the anti-restenotic effect of celecoxib.
Comparison of the celecoxib effect between paclitaxel-and zotarolimus-eluting stents
The current study evaluated the effects of adjunctive celecoxib therapy in PES and ZES. Paclitaxel is a microtubule-interfering agent, whereas zotarolimus is a sirolimus analogue, blocking the mammalian target of rapamycin and inducing cell-cycle arrest in the G1 phase. 19, 20 These two drugs are currently widely used for DES. There are potentials that differences in biological effects of paclitaxel and zotarolimus may differentially interact with antiproliferative effects of celecoxib. Results from this study showed that there was no difference in the reduction in LL by celecoxib between ZES and PES. The same extent of reduction was observed in the ZES and PES groups (13 vs. 14%). It means that we can expect similar effects of adjunctive therapy with celecoxib in both types of DES, ZES or PES.
Safety issues of celecoxib cyclo-oxygenase 2 inhibitors
Selective COX-2 inhibitors such as celecoxib and rofecoxib might have been associated with an increase in cardiovascular risk in 25 The conclusion about the cardiovascular risk of COX-2 inhibition needs to be deferred till completion of the PRECISION trial. Additionally, in most previous studies which reported thrombotic risk with COX-2 inhibition, COX-2 inhibitors were taken without aspirin or antiplatelets. The previous study showed that celecoxib treatment does not interfere with the anti-platelet effects of aspirin or clopidogrel in healthy volunteers. 26 The safety of celecoxib adjunctive therapy under the coverage of dual anti-platelets in angina patients was previously demonstrated in the COREA-TAXUS trial. But the sample size was too small to evaluate the safety. There were just two thrombotic events (2/267, 0.7%), one non-fatal myocardial infarction due to stent thrombosis in the celecoxib group and one sudden cardiac death in the control group. The dose and regimen of celecoxib may be associated with increased thrombotic risk. Meta-analysis showed that 400 mg daily of celecoxib is associated with increased thrombotic risk especially in patients with high cardiovascular risk. 27 At design of this study, we determined the treatment schedule of celecoxib considering safety and efficacy. Previous studies on adenomatous polyp suggested that the anti-proliferative effect of celecoxib is dose-dependent and further reduction in dose may results in reduction in efficacy. 12, 13 And we already reported the efficacy and safety of 200 mg twice daily celecoxib in the COREA-TAXUS trial, in which concomitant dual anti-platelet treatment was used.
To balance safety and efficacy, the dose of celecoxib was determined as 200 mg twice daily and the duration of treatment was reduced to 3 months. Compared with the COREA-TAXUS trial, in the current study, the absolute number of thrombotic events increased as sample size enlarged. There were eight events (8/790, 1.0%), one in the control group and seven in the celecoxib group. In the control group, one patient had subacute stent thrombosis and she was successfully revascularized. In the celecoxib group, six patients had thrombotic events when they were taking celecoxib with dual anti-platelet therapy and two of them died. Additionally, one patient had sudden death during sleep 2 months after the discontinuation of celecoxib due to pruritus. All of eight patients were in the use of aspirin and clopidogrel at the time of events. The rate of thrombotic events was significantly higher in the celecoxib group than in the control group (1.6 vs. 0.2%, log-rank P ¼ 0.03). Because the sample size is not enough to evaluate the risk of thrombosis associated with celecoxib, the possibility of a type II error could be high. However, it is suggested that the use of celecoxib may be harmful in the patients who were treated with DES even during the use of dual anti-platelet therapy.
In conclusion, the adjunctive use of celecoxib for 3 months can be useful to reduce LL of DES and probably TLR, but it does not reduce major adverse cardiac events because it may increase thrombotic hard endpoints. And, this study may raise the concern about the increased thrombotic risk with celecoxib even in patients receiving dual anti-platelet therapy. Based on the current data, we did not recommend the routine use of celecoxib in PCI with DES to reduce restenosis and adverse cardiac event.
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